Background. Several comorbidities contribute to an increased risk of infections in Parkinson's disease (PD) as the disease progresses. However, few studies have examined the correlation between sepsis and PD. Aim. The aim of this study is to disclose the presentation and outcome of serious infection in patients with PD in the emergency department. Methods. This retrospective cohort study enrolled patients with PD who had serious infection and were admitted to the emergency department between January 2007 and December 2013. For clinical comparison, we compared the clinical features, laboratory data, and outcomes with those of age-and sex-matched patients who had serious infection but not PD. Results. There were a total of 1,200 episodes of infected PD patients and 2,400 age-and sex-matched infected patients without PD as disease controls. PD patients had fewer comorbidities and lower severity of infectious disease but longer hospital stays than control group patients. The incidences of respiratory tract and urinary tract infections were higher in PD patients. The levels of inflammatory and organ dysfunction biomarkers in PD were lower and compatible with the severity of infectious disease. A total of 86 (7.2%) infected PD patients died during the 28-day admission compared to 339 (14.1%) in non-PD patients. Serum C-reactive protein, bandemia, and lactate could be used to predict mortality in infected PD patients. Conclusions. In infected patients with PD, respiratory and urinary tract infections were the two most common infectious sources. Empiric therapy based on experience could treat both respiratory and urinary tract infections. Early diagnosis and treatment are essential for survival.
Introduction
Parkinson's disease (PD), the second most common neurodegenerative disease after Alzheimer's disease, includes both motor and nonmotor symptoms [1] . The features of the motor symptoms include resting tremor, rigidity, and bradykinesia [2] . As the disease progresses, hypokinesia of face muscles and a monotone change of the voice become involved and instability, rigidity worsen, and postural instability. Finally, the disease progresses to easy choking and bedridden status. Therefore, infection is a common problem in patients with advanced PD. Several nationwide studies have demonstrated that respiratory tract and urinary tract infections are the leading cause of acute emergency admission in PD patients [3] [4] [5] . Since the number of PD patients is expected to double by the year 2030, how to manage infected PD patients in the emergency department (ED) is becoming an important issue [5] . Several comorbidities (e.g., easy choking and bedridden status) contribute to the increased risk of infections in PD, but nonmotor symptomatology (e.g., autonomic dysfunction, dementia, and depression) and medications (e.g., dopaminergic or anticholinergic medications, which could cause orthostatic hypotension and mental change in elderly patients, which may mask the systemic inflammatory response) can interfere the diagnosis [6, 7] .
Given that sepsis can be fatal, determining the clinical manifestations associated with serious infection in patients with PD could prevent delayed diagnosis. Here we aimed to analyze clinical features including infection site, laboratory data, blood culture results, hospital stay, and eventual outcome associated with serious infection. Through this study, we surveyed all infected PD patients who were admitted to the ED and compared them with age-and sex-matched infected patients to improve the therapeutic strategy.
Materials and Methods

Study Design.
We conducted this single-center retrospective observational study on PD patients admitted to the ED with suspected serious infection, at least one set of blood culture tests, and intravenous antibiotic therapy. The data were retrieved from computerized medical records between 1 January 2007 and 31 December 2013 from Kaohsiung Chang Cheng Memorial Hospital, a 2692-bed acute-care teaching hospital, the largest medical center in Southern Taiwan providing both primary and tertiary referral care.
The institutional review board of Chang Cheng Memorial Hospital approved this study and waived the requirement for informed consent.
Study Setting and Population.
All the patients from whom blood culture samples were collected in the ED were screened in a computer database as shown in Figure 1 . Patients who were admitted and received intravenous antibiotics were further evaluated. All patients with PD were enrolled in the study. A ratio of 1:2 age-and sex-matched control group patients were selected by propensity score matching from the 2010 whole year patients with the same criteria. For all enrolled patients, the following data were collected retrospectively: demographic characteristics, preexisting major comorbidities, initial vital signs and laboratory tests results, major infection source, and microorganisms isolated from the blood cultures.
Blood culture samples with potential contaminating pathogens (e.g., coagulase-negative Staphylococcus, Propionibacterium acnes, Micrococcus, Corynebacterium spp., and Peptostreptococcus) were considered contaminations and were regarded as no bacteremia [8] . Laboratory data represented the result of the first test done in the ED. Septic shock is defined as sepsis-induced hypotension persisting despite adequate fluid resuscitation and inotropic agent use [9] . The major outcome was defined as 28-day in-hospital mortality.
Clinical Definitions.
Since all patients were admitted for treatment, discharge diagnosis records were available for them in the database. The underlying disease and major infection focus were obtained from ICD-9 coding. PD was defined by .0-324.9) were defined by ICD-9 coding accordingly, while others not belonging to the above six categories were considered unknown.
Statistical Analysis.
The statistical analyses were performed using the Statistical Package for the Social Sciences for Windows version 20.0 (SPSS, Chicago, IL, USA). Continuous variables are expressed as mean ± SD and were compared using Student's t-test. Categorical variables, expressed as numbers and percentages, were compared using the 2 test or Fisher's exact test. All significant variables (P values < 0.05) on univariate analysis were incorporated into a hierarchical logistic regression model. We also created Cox proportional hazards model to estimate covariate-adjusted survival. P values < 0.05 were considered statistically significant.
Results
Demographic Data of PD Patients with Serious Infection.
A total of 1,200 episodes of infection events occurred in the PD patients (n = 782) during this 7-year period. Of them, 696 (89%) patients had only one episode of infection, while only 12 patients (1.5%) had >6 infection events. Table 1 shows that PD patients had lower percentages of liver cirrhosis (2.8% vs. 7.8%, p<0.001), congestive heart Table 2 shows that the PD patients had lower levels of inflammatory and organ dysfunction biomarkers, which also inferred lower infectious disease severity. There was no difference in the percentage of bacteremia or the distribution of bacterial species between the two groups ( Table 3 ). The leading three causative bacteria in the septic PD patients were Escherichia coli, Streptococcus spp., Klebsiella pneumoniae, and in non-PD patients were Escherichia coli, Klebsiella pneumoniae, and Staphylococcus aureus. 
Risk Stratification of PD Patients with Serious Infection.
Discussion
To our knowledge, this is the first study to compare the clinical features and therapeutic outcomes of infected patients with or without PD. In the present study, we produced two major findings. First, the PD group was more likely to have respiratory tract and urinary tract infections than the ageand sex-matched patients. Second, although the PD group had a more benign course and lower fatality rate, they had longer mean hospitalization than the non-PD group.
The respiratory tract and the urinary tract were the two most common infection sites among PD patients in this and other studies [5, 10] . Our study revealed that pneumonia is the leading cause of sepsis-related mortality in PD patients; in contrast, urinary tract infections had the highest survival rates. PD patients were at risk of pulmonary complications as a consequence of changes in ventilation parameters and dysphagia [11] . One study showed a link between treated dental caries and a decreased risk of pneumonia among PD patients, which suggests that aspiration pneumonia plays an important role in this group of patients [12] . The other study demonstrated that the functional dysphagia scale could be used to predict aspiration pneumonia in PD patients [13] . Furthermore, ventilatory dysfunction including lung volume, respiratory muscle weakness, and sleep breathing disorders were all affected in PD patients [14] . This would make PD patients more vulnerable to lung infections and unlikely to recover.
Bladder dysfunction is also a common nonmotor disorder in PD patients [15, 16] . Symptoms include nocturia, urgency, and frequency. PD patients had problems completely emptying their bladders, which led to bacterial growth. This could explain why PD patients were more likely to have urinary tract infections than their age-and sex-matched counterparts. However, those infections were less lethal than respiratory tract infections or the other infection sites in our study.
Our data also showed that intra-abdominal infections were less common in PD patients. PD patients were susceptible to gastrointestinal problems including gastroparesis, decreased bowel movement frequency, and anorectal dysfunction [17] . However, in contrast to bladder and ventilator dysfunction, this situation did not make PD patients more vulnerable to intra-abdominal infections.
In our study, PD patients had fewer comorbid underlying diseases than the control group, including liver cirrhosis, malignancy, congestive heart failure, and autoimmune disease. These findings are compatible with Vossius's study in which PD patients were less likely to have cardiovascular disease and cancer than non-PD patients [18] . These comorbidities would lead to higher mortality rates in the situation of sepsis and may explain the lower mortality rate in PD patients with serious infection (7.2% vs. 14.1%). However, after we created the multivariate logistic regression model, we found that PD itself still had protective effect against sepsis-related mortality with an OR of 0.616. Akbar also found that PD patients with aspiration pneumonia had lower mortality rates than non-PD patients (17% vs. 22%) [19] .
We found that PD patients had less fulminant clinical courses than non-PD patients demonstrated by the inflammatory and organ dysfunction biomarkers and clinical outcomes. On the other hand, although their sepsis severity was lower, PD patients had longer hospitalizations than their counterparts. Clinical studies revealed that PD patients had higher rate of frailty [20, 21] , and it could make them look sicker and therefore seek medical help earlier and could also lead to longer hospital stay [21] . The other study also showed that PD patients had a greater chance of ED admission due to pneumonia, hip fracture, and urinary tract infection as well as longer hospital stays [4] . Our study showed that PD patients with sepsis need 2-3 more days in the hospital than sepsis patients without PD. This discrepancy showed that PD patients may need more time to recover from sepsis. Studies have shown that an inflammatory process may have harmful consequences on neurodegeneration in PD [22] . And since sepsis will provoke a pathogen-induced cytokine storm and body-wide inflammation, a certain impact on PD patients could be expected [23] .
In this study, the culture rate and bacterial spectra were similar between the PD and non-PD groups. Although the culture results may not strongly represent sepsis severity or predict mortality, they could provide a clearer picture of sepsis events and guide the treatment [24] . However, as pneumonia is the most important infection source of sepsis in PD patients from the view of prevalence and disease severity, the positive rate of blood culture for hospitalized pneumonia in ED is around 7%, and only half of them affected management [25] . Two-thirds of the blood cultures in PD patients were positive for gram-negative bacteria, which mainly came from the genitourinary tract and the gastrointestinal tract. Nevertheless, our data showed that, in bloodstream infections, PD patients were not different from their counterparts.
The inflammatory biomarker results demonstrated their clinical application in septic PD patients. Like in our daily practice, bandemia, serum CRP, and lactate levels could be used to diagnose sepsis or predict its severity in PD patients [26] [27] [28] . However, since PD patients have less severe sepsis than non-PD patients admitted to the ED, serum lactate levels were checked far less often in PD patients in the ED than CRP and differential white blood cell counts. The AUC of lactate for predicting 28-day sepsis-related mortality was thus lower than that of previous published data [29] .
Limitations.
Since this was a retrospective study, the clinical features including disease duration, PD severity (e.g., Unified Parkinson's Disease Rating Scale and Hoehn and Yahr staging scores), and daily dose of anti-Parkinsonian agents (equivalent dose of levodopa) could not be obtained from the computerized database, although infections often occurred in patients with advanced PD.
Conclusions
Sepsis occurred in PD patients, and respiratory tract and urinary tract infections were the two most common infectious sources. Empiric therapy should be based on experience and cover both respiratory tract and urinary tract infections. Although the clinical courses were more benign in septic patients with PD, they had longer hospitalizations than their non-PD counterparts. Early diagnosis and treatment are essential for survival.
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